This study suggests an attention economy perspective on incomplete information, asserting that people use partial information as basis for action, hence an effective information system should provide them just with the most useful partial information, and should avoid redundant information that wastes their limited attention resources. These assertions were empirically examined via simulation of a speech-reading process that measured the real and perceived value of two levels of partial speech-reading support. The findings indicate that additional partial information improved performance, but there was practically no significant difference between one and two signals support levels. High correlation was found between the different methods of evaluation, suggesting that perceived value may be used as substitute to real value measurement after considering the circumstances of the system involved. T his research may provide important insights for designing information systems in general, as well as speech-reading support systems that will improve communication opportunities of hearing impaired people.
Introduction
Human attention is considered as one of the scarcest resources in the information era (Davenport & Beck, 2000 , 2001 Geri & Gefen, 2007; Wiberg & Whittaker, 2005) . On one hand, computerized information systems increase information overload by enabling convenient information distribution and ample communication opportunities. On the other hand, cleverly designed information systems may provide users with Material published as part of this publication, either on-line or in print, is copyrighted by the Informing Science Institute. P ermission to make digital or paper copy of part or all of these works for personal or classroom use is granted without fee provided that the copies are not made or distributed for profit or commercial advantage AND that copies 1) bear this notice in full and 2) give the full citation on the first page. It is permissible to abstract these works so long as credit is given. To copy in all other cases or to republish or to post on a server or to redistribute to lists requires specific permission and payment of a fee. Contact 0HPublisher@InformingScience.org to request redistribution permission. useful information and help them cope with information overload by screening irrelevant messages.
The value of information has been one of the most central research issues ever since the early days of information systems (e.g., Dickson, Senn, & Chervany, 1977) . This paper adopts an attention economy perspective (Simon, 1957 (Simon, , 1971 and analyzes the value of incomplete information. Whereas in information economics contexts (McGuire & Radner, 1986) , partial information is usually regarded as inferior to complete information, and additional partial information is considered as improving the ability of the decision-maker to choose the correct course of action, this paper asserts that due to bounded rationality, additional partial information may not always improve the decision maker performance, and sometimes may even worsen it.
It should be emphasized that this research relates to additional partial information that is relevant and significant in the particular circumstances. It does not concern distracters, noise, and information design effects, such as flash (Hong, Thong, & T am, 2004) or format (Eshet-Alkalai & Geri, 2007) .
A simulation of speech-reading has been used to empirically examine the real and perceived value of incomplete auditory information. The participants had to understand a spoken message that they could not hear, and they were given one or two auditory signals. Each of these signals was supposed to reduce the ambiguity of the message. T he findings indicate that additional partial information improved performance compared to unsupported speech-reading. However, no difference was found between one and two signals support levels (the concept of one and two signals support is explained in the Methodology Section). T here were high correlations among the three methods of evaluation used in this study, and this suggests that perceived value may be used as a substitute for real value measurement, as defined in information economics, after considering the circumstances of the system involved.
The next section presents the theoretical background, which refers to the challenges of information evaluation as well as the challenges of speech-reading. T he methodology section describes the experiment and the three performance evaluation measures, which were used to evaluate the success of the experiment participants in the simulated communication process. The results are followed by a discussion of the theoretical and practical implications of the findings, and conclusions.
Theoretical Background

Challenges of Information Evaluation
Information has no universal value. The value of information is relative and depends on the user, the timing and the circumstances (Ahituv, 1980; Ahituv, Neumann, & Riley, 1994) . Information economics relates to three main approaches to measuring the value of information: normative value, real value and perceived value (Ahituv, 1989) :
• Normative value is theoretic and is based on mathematical models that define ex-ante, the best course of action.
• Real value is an empiric, quantitative and objective measure, which is based on the assumption that information affects performance. Therefore, it compares performance ex-post, with and without the information in order to measure its value.
• Perceived value is also referred to as subjective value (Raban, 2007; Raban & Rafaeli, 2006) , and is similar to the perceived usefulness concept of the Technology Acceptance Model (T AM) (Davis, 1989; Davis, Bagozzi, & Warshaw, 1989; Jeyaraj, Rottman, & Lacity, 2006; Venkatesh, Morris, Davis, & Davis, 2003) . Perceived value is an empiric, quantitative subjective measure, which is based on human thoughts and perceptions. The premise is that people can identify the benefits they may gain from using the information, and transform these benefits either to monetary values or to ranking scales (Ahituv, 1989) . Since people have to get the information or use the information system in order to evaluate its usefulness, the perceived value is usually measured ex-post. However, it can be measured ex-ante if the respondents are presented with a prototype, or if the respondents were exposed to similar systems in other organizations (Geri, 2006) . Perceived value is the most common in empirical research literature, since it is much easier to measure.
However, studies that examined the real value of information, such as Lee, Clark and Tam (1999) who examined the effect of a continuous replenishment process system on the adopters' revenues, or Eshet-Alkalai and Geri (2007) who measured the impact of print and digital formats on critical reading performance, are rare. This review elaborates on two studies of real value that dealt with incomplete information, which is the focus of this study.
One of the early information system experiments, known as the Minnesota experiments (Dickson, et al., 1977) , demonstrates that real value is not necessarily positively correlated with the perceived value of that information. In that particular experiment, two groups of participants in a business game were provided with production data. The first group received raw un-aggregated data, and the second group received just aggregated production data. Whereas the second group participants performed better and achieved higher profits, these participants were less confident of their performance compared with the first group members. T hat is, the incomplete information system had high real value, but was perceived by its users as less valuable.
These paradoxical results were practically used in the following years as basis for the design of decision-support systems (DSS) and executive information systems (EIS). DSS and EIS present the decision makers with aggregated processed information, but enable them to "drill down" and get the raw data behind the aggregated items. The presentation of few items improves the decision-makers' performance and the ability to check the details provides them with confidence that is essential for the use of such voluntary systems (Geri, 2006) . Hence, the design of these systems follows the informing science principles of providing clients with information "in a form, format, and schedule that maximizes its effectiveness" (Cohen, 1999) . Ahituv, Igbaria and Sella (1998) measured the effect of incomplete information, as opposed to complete information, on the performance of air-force commanders, via simulations, and found that complete information generally improved performance, but field commanders did not improve their performance when presented with complete information under time pressure.
According to the normative approach to information value, which is based on rational decisionmaking assumptions, theoretically, additional information has a nonnegative value (Ahituv & Ronen, 1988) . Hence, if cost is not considered, obtaining more information, such as a medical second opinion, should not worsen the decision-maker performance. However, bounded rationality (Simon, 1957 (Simon, , 1971 , argues that the human cognition is limited in its ability to process information and therefore, people act upon partial information. For instance, when we use a search engine, such as Google, and get dozens of references, we will check only a few, and when we are satisfied with the results, we will disregard all the other references. Thus, since people use incomplete information as a basis for action, an effective information system should provide them with the most useful partial information. An attention economy perspective also implies that redundant information wastes the limited attention resources of people (Davenport & Beck, 2000 , 2001 Wiberg & Whittaker, 2005) . Hence, an effective information system should provide just the needed information.
An effective information system in the context of this study is considered from the point of view of the client, as defined by Cohen (1999) . Thus, any information that contributes to the client is useful. It should also be noted that the main costs of producing the information are fixed, that is planning, designing, building and implementing the system, whereas the marginal costs of providing the client with specific information are very low and practically negligible.
This study examines the effectiveness of additional incomplete information in the context of speech-reading and measures the real value, as well as the perceived value, of two levels of partial speech-reading support. The objective of the experiment is to find out whether the additional partial information improves speech-reading performance. The findings also enable a comparison of real and perceived value measurements and provide insights regarding the use of perceived value as a substitute for real value measurement.
Challenges of Speech-Reading
During speech-reading (also called lip reading), one lacks a large amount of information available to a person with unimpaired hearing. Utterances that sound different and enable a hearing person to make distinctions look alike, and therefore the speech-reader is compelled to guess which word was uttered. Speech readers are unable to make acoustic distinctions between different consonants, and they can detect only the visual characteristics of the utterances. For example, f and v look alike when produced orally (Vatikiotis-Bateson, Baily, & Perrier, 2006) . The lower lip touches the upper teeth, and one cannot tell which is f, and which is v. In the same manner, p, b, and m are visually the same. The speaker's lips meet each other, and the results seem to be identical. Each group of consonants that look the same is called a viseme (visual phonemes), which is the combination of the concepts of phoneme, and the visual facial movements that are involved in the articulation of phonemes (Bernstein & Auer, 1995) . This research was conducted in Hebrew, which has about 20 consonants that a hearing person can distinguish between. However, in speech-reading these consonants are divided into just five distinguishable visemes.
The issue of adding supporting visual signals, which enable distinction among the consonants of each viseme, is complex. On one hand, more signals reduce uncertainty and apparently should improve the chance of understanding the conveyed message. On the other hand, as the amount of signals increases, so is the load on the cognitive resources of the speech-reader, which makes it harder to process the information correctly and results in an increased probability of errors. Therefore, from an attention economy perspective (Simon, 1957 (Simon, , 1971 , the challenge is to provide the hearing-impaired person with the least amount of supportive stimulations that would help distinguishing between the different consonants in each viseme, and enable a successful communication process.
Methodology
The Experiment
The research questions were examined by simulations that checked the value of various levels of speech-reading support. The purpose of the experiment was to investigate the optimal addition of supporting signals in each viseme that may improve speech-reading. The participants' comprehension level of the information conveyed during the experiment was used to measure the value of each one of the support settings. T he success of the communication process was measured by three performance evaluation methods, which are further discussed belo w.
The supporting signals were based on a variation of the cued speech system (Cornett, 1967; Cornett, Beadles, & Wilson, 1977) . Unlike the cued speech system, the support suggested in this study is provided just to some of the consonants in each viseme and not to all of them, due to the limited human cognitive ability to process information. The rationale for this approach is statistical. T he objective is to always assign the cue label to the consonant most frequently used within the viseme (Schocken, 2008) . For instance, in the viseme bmp, the m is the most frequently used in Hebrew, and it will get the first cue label. Thus, the speech-reader will be left with a choice between b, and p. In this approach, statistics proves that uncertainty will be reduced to a minimum. In case we had used the cue label in order to make a distinction between b, and p, statistics shows that the speech-reader would be faced with higher level of uncertainty and a more frustrating guess ( Schocken, 2008; Schocken Topaz, 1999) . If the level of support is raised to two cues, the second cue will be affixed to the consonants that rank second in terms of frequency within the viseme, and so on. T he experiment included two levels of support, one signal for the most frequent consonant in each viseme, and two signals for the two most frequent consonants in each viseme.
The Participants
The use of visual stimulations to support speech-reading requires lengthy training (Nicholls & Ling, 1982) . Moreover, it is difficult to perform such simulations with hearing impaired people since some of them are very proficient in speech-reading and their performance will be high, regardless of the amount and nature of additional supporting auditory or other sort of information. Hence, the experiment was conducted with hearing people who were provided with supporting auditory stimulations, instead of visual ones. This choice also ensured a unified level of hearing abilities, which would have been hard to control with hearing impaired participants.
The participants were 79 people who volunteered to take part in the experiment. All of them had normal hearing and normal sight (or their sight was corrected by eyeglasses). They all belonged to the age group of young adults, between 19 and 41 years old, in order to control age-related changes, which affect cognitive and linguistic abilities (Bergman, 1980) . The main factors that influence speech-reading are: level of hearing (Erber, 1982) , sight (Jeffers & Barley, 1978) , age (Bergman, 1980) , ability to synthesize the cues (Jeffers & Barley, 1978; Golan, 1995) , psychological and cultural aspects (Sekiyama, 1997; Sekiyama & Tohkura, 1993) , as well as level of proficiency in the language (Boothroyd, 1988) .
The hearing, age and language proficiency were controlled beforehand during the selection of the volunteers. T he sight factor is partially controlled since the specific sight aspects such as focus abilities were not checked. Personality factors as the ability to synthesize the cues, as well as psychological and cultural aspects, were not controlled.
The Experiment Design and Procedure
There are many diverse factors, which affect the success of a communication process. Therefore, in order to neutralize or reduce the impact of these factors, a simple and clear communication task was defined. T he participants were asked to view a woman in a video recording. The woman announcer sat in front of the camera and conveyed simple sentences in Hebrew. During the experiment, the participants were asked to write down the sentences. T he written reconstruction of the conveyed sentences represents the messages as they were understood by the participants and this data was used to evaluate the success of the communication process.
The experiment was designed as a simulation, which imitates the uncertainty situation that is equivalent to speech reading, and the supporting data were conveyed to the participants through their hearing channel. T he soundtrack of the video has been electronically processed, and segments, which relate to certain phonemes, were erased according to the different simulation situations. For instance, in order to simulate speech-reading alone, the whole soundtrack has been erased, and in order to simulate one signal support level, only the most frequent consonant in each viseme was left in the soundtrack of the video. The procedure of auditory stimulation has been selected in order to avoid the need to train the participants and to prevent additional disruption, which may result from different levels of participants' proficiency.
The participants were divided into three groups of 25-28 people, and each group performed a different simulation. T he sentences that were used as test data are based on CUNY -topic related sentences (Boothroyd, Hnath-Chisolm, Hanin, & Kishon-Rabin, 1988) , which are lists of simple sentences that are frequently used in speech perception research. T here were six lists consisting of 12 sentences, and each simulation set included all those lists in different auditory stimulation conditions.
The participants were given blank forms, arranged as tables that included the topic of each sentence, a blank space for filling-in the sentence, and a scale for evaluating the participant's confidence in understanding the sentence. T he topic stated before each sentence provides the participants with the context (e.g., family, work, a restaurant), in order to simulate real life situations. Each sentence was broadcasted once, the experiment supervisor showed the video, and stopped at the end of each sentence in order to give the participants time to write down the sentence. T here was no time constraint and the participants were asked to guess single words when they were unable to reconstruct a complete meaningful sentence.
Since the dictation task, which lasts approximately half an hour, is tiresome and requires concentration, a control group has performed the experiment with complete auditory information (i.e., no parts of the soundtrack were erased). The performance of the control group was almost perfect, therefore, it indicates that the performance of the participants was not influenced by the nature of the task and they were able to cope with it.
Performance Evaluation Measures
The participants' level of success in understanding the received messages was evaluated in three different methods, two of them represent the real value of information and the third is a subjective measure, which stands for perceived value.
Rate of identified words
The performance of the participant was given a score between zero and one, which represents the rate of words that were correctly identified. Each content word was assigned two points, and each preposition (e.g., in, on, the) was assigned one point, because prepositions are connected to a content word. A full score was given only when the participant was completely accurate in identifying the word. This is a quantitative measure of the communication process success. T he method is objective, and could even be automated. Nevertheless, a person may identify 90% of the words and yet would not understand the meaning of the sentence at all.
Objective judge
An Objective person (hereafter referred to as judge) has read the texts and evaluated to which extent the participant understood the messages transferred by the announcer in the video recording, on the following scale:
1. A wrong message has been comprehended.
No message has been comprehended.
3. It is unclear whether the message has been comprehended. 4. A partial message has been comprehended, but most of the meaning has been conveyed.
A full message has been comprehended.
Arguably, this is supposed to be a better evaluation than the rate of the identified words, since a person may correctly identify a large proportion of the words, but still get the wrong meaning of the message.
Self-evaluation
The participants were asked to rate on a scale of 1 to 5 their level of confidence in understanding the message:
1. I did not understand the message.
2. I am not sure I understood the message.
3. I do not know whether I understood the message.
4. I think I understood most of the message.
I am sure I understood the message.
This measure is subjective and represents the perceived value of information. People may think that they understood the message, when in reality they misunderstood it completely. Nevertheless, the perceived value is the most common method of evaluation because it is simpler, and since usually high perceived value, or perceived usefulness (Davis, 1989) , influences behavioral intention to use an information system.
Results
The statistical analyses were performed with SPSS version 14.0. Demographic characteristics of the 79 simulation participants are presented in Table 1 . T he sample was homogeneous and no gender or education differences were found in the analysis, except for significant positive influence of number of years of education just on one measurement, the word count score of the onesignal simulation. Age did not affect speech-reading performance, and the self-evaluations in the partial information states, but age was significantly correlated with the two real value measures hence suggesting that older participants performed better than younger ones in incomplete auditory information states. The results of the gender, age and education correlations with the participants' performance are presented in the Appendix.
The results of the control simulation with complete auditory information practically showed that the participants had full comprehension of the messages, and therefore, the performance of the participants was not influenced by the tiresome nature of the task. It also confirmed that that the messages were comprehendible. The average performance evaluations of the participants in each of the four simulations are presented in T able 2, according to the three methods. The speech-reading condition, with no auditory information has been carried out by 25 people, and another group of 26 performed the control simulation with complete auditory information. A third group of 28 participants carried out the two simulations with the incomplete auditory information. Figure 1 presents the average evaluations according to the three methods. T he quantitative score has been normalized to a scale of 1 to 5 for easier visual comparison with the other two measures.
It is evident in both T able 2 and Figure 1 that partial auditory information improves the performance compared to speech reading alone. However, it is unclear whether two signals are better than one. T able 3 presents the results of paired samples t-tests, which compare the results of the one signal simulation with those of the two signals simulation. From the subjective point of view of the participants, there is no significant difference between one and two signals (pair 3, t=-.724, insignificant). However, the quantitative score was significantly better with two signals (pair 1, t=-4.426). Contrarily, according to the judge evaluations, one signal was significantly better than .189) . Nevertheless, the differences in the results were minor, hence practically it can be concluded that there are no performance differences between one and two signals. Another observation, which is evident from the data, is the similarity between the evaluations in all the three methods. T able 4 presents Pearson correlations between the methods regarding the evaluations of the speech-reading, one signal and two signal simulations. The three evaluations of the complete hearing information are practically the same, so their correlations were not checked.
As shown in Table 4 , all the correlations were significant with values from 0.776 to 0.931, indicating high correlations between the three methods of evaluation. 
Discussion
Theoretical Implications, Limitations and Further Research
This study probed the issue of incomplete information effectiveness by empirically examining the impact of supportive incomplete auditory information on speech-reading performance. The findings indicate that the additional partial information improved performance, but there was practically no significant difference between one and two signals for each viseme. This study employed an information economics approach and regarded the processes and factors that affect speechreading performance as a "black box". Apart of the attention economy reasoning (Simon, 1957 (Simon, , 1971 Davenport & Beck, 2000 , 2001 Geri & Gefen, 2007; Hong et al., 2004; Wiberg & Whittaker, 2005) , it did not explain why the additional partial information (i.e., two signals) did not improve the participants' performance. Further research based on perspectives from other disciplines, such as cognitive psychology and psycholinguistics, may shed light on this issue, and provide explanations for this phenomenon.
No education differences were found in the analysis, except for significant positive influence of number of years of education on the word count score of the one-signal simulation. This difference may be incidental, since education did not influence the other 11 measures shown in the Appendix. However, the sample was homogenous and the participants had between 10 to 24 years of education, therefore more empirical studies with larger and less homogeneous samples are required to investigate this matter.
The results regarding the influence of age on the participants' performance (presented in the Appendix) call for further research. On one hand, age did not affect speech-reading performance, and the self-evaluations in the partial information states, but on the other hand, age was significantly correlated with the two real value measures implying that older participants performed better than younger ones in incomplete auditory information states. This study does not provide an explanation for this influence, and it would be worthwhile to investigate whether this phenomenon is unique to incomplete auditory information or it relates to other situations of incomplete information as well.
The provided partial information was based on a variation of the cued speech system (Cornett, 1967; Cornett et al., 1977) . Other methods, such as phonology as human behavior (Diver, 1979; Tobin, 1997 Tobin, , 2007 , may assign different stimulations, which may lead to speech-reading performance that is better than the results obtained with the cued speech method. Hence, future research should examine the effectiveness of other methods, as well as whether the second signal for each viseme is redundant, regardless of the logic behind the assignment of the cues.
This study compared real and perceived values of information, and contributed empirical evidence to the body of knowledge in this issue, which has been rarely studied in information system contexts. The findings indicate high correlation between the different methods of evaluation. Nevertheless, mixed results were reported in prior research (e.g., Dickson et al., 1977) , hence further empirical study is required.
Practical Implications
The experiment described in this paper is part of a comprehensive research that aims to find ways to support speech-reading by hearing impaired people and to suggest practical tools to evaluate the contribution of such support systems. Speech recognition technologies cannot provide adequate support by translating speech to text due to the unsolved challenge of computer understanding of common knowledge (Ein-Dor, 1999 The findings regarding the comparison of real value and perceived value measures present another practical contribution of this study, since they support the use of perceived value evaluation, obtained from the users as a substitute to measurement of the real value of information systems, which is much harder to measure. However, due to contrary findings by other researchers (Dickson et al., 1977) , as well as ample real world examples, such use should be carefully considered according to the specific circumstances of the measured information system.
Conclusion
This study examined the effectiveness of incomplete information from an attention economy perspective. It asserted that since people rely on incomplete information as a basis for action, due to bounded rationality, an effective information system should provide users with the most useful partial information, and it should provide just the needed information, because redundant information wastes the limited attention resources of people.
These assertions were empirically examined regarding a speech-reading process, which is inherently complex due to the high level of uncertainty involved. The supportive partial information, based on just one signal for the most common consonant in each viseme, greatly improved the participants' speech-reading performance. A normal communication process, which involves hearing people, includes ample redundant information, which does not impair comprehension of the conveyed messages. However, speech-reading is a more demanding cognitive process, and as a paraphrase on Simon (1971) , it may be suggested that a wealth of partial information in a communication process creates a poverty of comprehension. Hence, this research may provide important insights for designing information systems in general, as well as speech-reading support systems that will improve the communication opportunities of hearing impaired people. 
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